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There is considerable experimental evidence that during keratinization of the
skin, the sulfhydryl (—SH) groups of the stratum granulosum are converted to
disulfide (S—S) groups in the stratum corneum. Vitamin A has been extensively
prescribed for modifying keratinization of the skin. Flesch (1) has shown that
Vitamin A "ties up" —SR groups in skin and liver homogenates of rats. Many
different compounds of widely varying chemical structure have been introduced
into living animals to produce specific biological effects, therapeutic or otherwise.
There is reason to believe that certain of these drugs produce their effects by
inhibiting or otherwise acting upon the thiol (—SH) systems.
In dermatologic practice, para-aminobenzoic acid, sulfanilamide, gantrisin
(sulfasoxazole), 8-methoxypsoralen and atabrine are frequently prescribed for
systemic administration. The effects of these drugs on the —SH and S—S
groups of in vitro sera were investigated, both with and without ultraviolet
irradiation. It was believed that an evaluation of the effects of these drugs would
give further insight into the mechanisms by which they control keratinization.
MATERIALS AND METHODS
The sulfhydryl and disulfide levels of serum samples obtained from voluntary
donors were determined by amperometric titration with a silver nitrate solution,
as previously described (2, 3). To determine the effects of drugs upon those
levels, a small amount (1 to 15 mg.) of each drug was dissolved in 5 ml. of serum
(Figure 1), and the scm were then titrated for —SH and S—S groups.
For the study of the effects of radiation upon the —SH and S—S levels of sera,
a 9 cm. Petri dish, containing 3 ml. of serum, was placed 30 inches below a high-
pressure mercury vapor ultraviolet light source (1 minimal erythema dose = 30
seconds, at 30 inches). After a 15 minute irradiation, the —SH and S—S levels
were determined by amperometric titration. The combined effects of ultraviolet
light and drug were also determined by similarly irradiating serum samples con-
taining drugs, and then titrating. Aliquots of the same serum were used before
and after irradiation, with and without the drug samples for any particular test
illustrated in Figure 1.
RESULTS
1. Sulfhydryl Groups
In each case where serum was irradiated without the addition of a drug, there
was an increase in the sulfhydryl level (Figure 2). When a drug was added to the
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10 53.6 175 53.6 165 83.2 323 67.8 287
ATABRINE 5 458 170 43.8 162 66.2 226 43.2 243
8 METHOX 5 55.5 162 51.2 170 81.0 365 62.0 293
PSORALEN I 54.6 140 52.8 141 81.4 301 69.0 279
SULFAN- 5 48.2 272 47.6 164 78.4 310 22.9 330
ILAMIDE 5 56.2 164 53.0 143 90.8 369 26.2 376
5 55.1 145 52.1 156 75.6 269 452 155
GANTRISIN 5 52.2 137 51.1 131 77.4 271 42.6 212
p AMINO- I 55.7 116 55.7 114 98.6 336 32.2 318
BENZOIC I 55.1 112 54.2 119 76.0 270 48.2 250
KNot much dissolved, separated from solid.
Atabrine 8 Methoxy- Sulfanila- Gantrisin PA.8.A.
0mg. psoraIen,Img rnide 5mg. 5mg. I mg.
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non-irradiated serum, the —Sil level did not change significantly. The time of
incubation (15 to 45 minutes), did not have any effect.
When the serum, containing the atabrine o the 8-methoxypsoralen was irra-
diated, the —SH level increased, but the increase was not so great as when the
serum alone was irradiated. The presence of these drugs somewhat inhibited the
rise in —SH groups.
Sulfanilamide, gantrisin, and para-aminobenzoic acid (PABA) exhibited a
striking action on the concentration of sulfhydryl groups, when the sera were
irradiated. In these three cases, the —SH levels after irradiation were found to be
much lower than the levels of normal non-irradiated sera. If the drugs were
added after irradiation, they caused no significant change in the irradiated levels.
An interesting sidelight of the effect of PABA was its inhibiting action upon the
oxidation of serum sulfhydryl groups. A serum sample with an initial sulfhydryl
concentration of 54.4 moles per 100 ml. was incubated at 20°C. After 4 hours
incubation, the sulfhydryl concentration had decreased to 51.4 moles per 100
ml.; after 18 hours to 45.6 moles per 100 ml. Two samples of the same serum
containing 2 mg. PABA per ml. were similarly incubated and did not change in
sulfhydryl content after 18 hours.
2. Disulfide Groups
In general, the results of the disulfide titrations were similar to those noted
for sulfhydryl groups. The normal S—S values ranged from 112 to 272 z moles/
100 ml. of serum (Figure 3). No reference was found for normal human S—S
values.
In all cases where a serum sample was irradiated without a drug, there was a
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great increase in the amount of S—S groups present. The addition of a drug
alone caused little change.
When the sera were irradiated with the drugs, the disulfide levels were in-
creased, but not as much as the levels of sera irradiated without drugs. Suif a-
nilamide had no effect on the S—S level of irradiated sera.
DISCUSSION
The combined effects of these drugs and ultraviolet light upon serum sulf-
hydryl levels may be attributed to either or both of two causes:
1. The drug absorbs the ultraviolet light which would cause denaturation of
protein, thus limiting the increase in sulfhydryl groups, which would normally
occur upon irradiation.
2. The sulfhydryl groups are activated by ultraviolet light, and then, in this
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FIG. 4. Absorption spectrum determined by Dr. Leo Goldbaum, Toxicologist, Army
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ULTRAVIOLET ABSORPTION SPECTRA OF
ATABRINE DIHYDROCHLORIDE AND 8—
METHOXYPSORALEN
FIG. 5. Absorption spectrum determined by Dr.Leo Goldbaum, Toxicologist, Army
Medical Service Graduate School, Walter Reed Army Medical Center, Washington 12, D. C
activated state, couple with the drug, for example:
R—SH + hv —* R—S + 11
NH2
R—S + — R—S
SO3H SO3
(The free radical, RS, need not be formed as such, but some activated state
intermediate between R—SH and the free radical may be the reactive entity.)
An additional reaction which may contribute to the nature of the overall reac-
tion is oxidation by the hydroxyl radicals, H0, and peroxide ions, U02, formed
CH3
Atobrine
______
2HC1 2HDCH3O — 1!('IJL-ci
8— Methoxypsorolen ..
CH3
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by irradiation of water:
1120 + hv — 11 + H0
2 HO + 02 — 2 HO
For atabrine and 8-methoxypsoralen, the limited increase in sulfhydryl on
irradiation can be explained by the filtering action of the drug, with perhaps
some oxidation of sulfhydryl.
If the drugs filtered all the light which causes an increase in serum sulfhydryl,
the sulfhydryl levels of the serum irradiated in the presence of the drugs would
not increase. Oxidation, in conjunction with filtering, could cause a decrease in
sulfhydryl levels; however, there is no reason to believe that oxidation could
occur more readily in the presence of sulfanilamide, gantrisin, or para-aminoben-
zoic acid than in the presence of atabririe or 8-methoxypsoralen. As shown by
their ultraviolet absorption curves, sulfanilamide and gantrisin (Figure 4) absorb
light in the same region as atabrine and 8-methoxypsoralen (Figure 5), and
roughly to the same extent. Therefore, filtering of light by sulfanilamide and
gantrisin may contribute to their action, but does not explain the observed de-
crease in sulfhydryl concentration upon irradiation of serum containing these
drugs. This decrease can be accounted for by assuming an activation by irradia-
tion of the sulfhydryl groups, followed by coupling of the activated groups with
the drugs. The latter view is further substantiated by the action of para-amino-
benzoic acid. As mentioned, PABA stabilizes serum sulfhydryl against oxidation.
Therefore, the decrease in sulfhydryl on irradiation of serum containing para-
aminobenzoic acid probably is not caused by oxidation, but may be attributed to
the coupling of activated sulfhydryl groups with the para-aminobenzoic acid.
It must be noted that the drugs were added greatly in excess of the usual con-
centrations found therapeutically. Further studies are in progress to determine
the response of various concentrations of these drugs.
SUMMARY
The effects of five drugs, para-aminobenzoic acid, sulfanilamide, gantrisin,
8-methoxypsoralen and atabrine, upon the sulfhydryl and disulfide levels of
normal human serum were determined. The effects of ultraviolet light irradia-
tion and the combined effects of these drugs and irradiation upon sulfhydryl and
disulfide levels were also studied.
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